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METHOD OF ISOLATION FOR ACOUSTIC RESONATOR DEVICES 



The present invention relates to bulk acoustic wave devices, more 
particularly to isolation techniques for limiting the effects of lateral wave 
propagation undesirably removing energy from and causing coupling between thin 
film resonator (TFR) devices fabricated on a conmion substrate. 



In recent years, much research has been performed in the development of 
bulk acoustic wave devices, primarily for use in cellular, wireless and fiber-optic 
communications, as well as in computer or computer-related information-exchange 
or information-sharing systems. There is a trend in such systems for operation at 
increasingly higher carrier frequencies, principally because the spectrum at lower 
frequencies has become relatively congested, and also because the permissible 
bandwidth is greater at higher frequencies. Piezoelectric crystals have provided the 
basis for bulk acoustic wave devices such as oscillators, resonators and filters, 
operating at very high radio frequencies (on the order of several gigahertz). 

It has been known for some time, of course, that certain crystalline materials 
have piezoelectric properties. In particular, there is what is sometimes referred to as 
the direct piezoelectric effect, wherein electrical charges appear on crystal surfaces 
upon the application of an extemal stress. There is also a converse piezoelectric 
effect, wherein the crystal exhibits strain or deformation when an electrical charge is 
applied by extemal means to faces of the crystal. 

In many high-frequency applications, filters are based on dielectric filled 
electromagnetic cavity resonators with physical dimensions that are dictated by the 
wavelength of the resonating wave, be it acoustic or electromagnetic. Due to the 
interaction between electrical charge, stress, and strain described above, a 
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piezoelectric material acts as a transducer which converts back and forth between 
electromagnetic and acoustic (i.e., mechanical) waves so it can also be used as an 
electrically resonant device. The velocity of an acoustic wave, however, is 
approximately 1/10000 that of the velocity of an electromagnetic wave. This 
5 relationship between the wave's velocity and device dimensions thus allows a 
reduction of roughly this factor in the size of certain devices, including acoustic 
resonators, employing this material. 

Fig. 1 illustrates a cross-section of a typical acoustic resonator device 100. 
Device 100 comprises a piezoelectric material 110 interposed between two 
10 conductive electrodes 105 and 115, one of which is formed on a substrate 120. In 
ideal realizations of these acoustic resonators, mechanical oscillations orthogonal to 
the device surface are excited by an applied electric field Many other types of 
oscillation are created including combinations of shear, surface, and longitudinal 
waves. These waves can be created for example by the non-ideal crystalline 
^; 15 orientation in a real device, fringing fields at the resonator's edge, mechanical 

ry discontinuities at the electrode edges, nonuniform current distributions, etc.. These 

waves, no longer purely longitudinal, carry away acoustic energy, essentially 
O allowing it to "leak out" the sides of the device 100, and/or causing interference with 

adjacent devices or system components. These energy losses are responsible for a 
20 degradation of energy transfer in the device, say being used as an RF bandpass filter, 
inhibiting device efficiency and performance. Accordingly, there is a need for a 
method of isolating bulk acoustic wave devices such as acoustic resonators from the 
detrimental effects that these laterally-generated waves have on device efficiency 
and performance. 

25 SUMMARY OF THE INVENTION 

The present invention provides a method of isolating acoustic resonator 
devices formed from a piezoelectric material that is interposed between two 
conductors on a substrate. For example, a region of piezoelectric material 
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surrounding or partially surrounding a device, between at least two devices may be 
removed, it may be prevented from growing in that region during fabrication of the 
devices, or it may have a crystal orientation within that region altered. Each of 
these techniques may reduce the amount of acoustic energy which propagates in a 
5 lateral direction away from the device. This loss of acoustic energy may inhibit 
device efficiency and performance, and could interfere with adjacent or adjoining 
devices and components. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will become fully understood from the detailed 
10 description given hereinbelow and the accompanying drawings, wherein like 
% elements represent like reference numerals, which are given by way of illustration 

H only and thus are not limitative of the invention and wherein: 

:R Fig. 1 illustrates a cross-section of a typical thin film resonator (TFR) 

acoustic resonator device; 

O 15 Fig. 2 illustrates an isolation method in accordance with a first embodiment 

□ of the present application; 

S Fig. 3 illustrates a partially fabricated acoustic resonator device; 

Q Fig. 4 illustrates an acoustic resonator device prior to undergoing isolation in 

accordance with the first embodiment of the present application; 
20 Fig. 5 illustrates the acoustic resonator device of Fig. 4 after isolation in 

accordance with the first embodiment; 

Figs. 6 A and 6B illustrates one type of acoustic resonator device before and 
after the trenching process; 

Fig. 7 illustrates an isolation method in accordance with a second 
25 embodiment of the present application; and 

Fig. 8 illustrates an isolation method in accordance with a third 
embodiment of the present application. 
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DETAILED DESCRIPTION 

The present invention provides a method to limit the loss of device 
performance due to generation of unwanted lateral waves in acoustic resonator 
devices. In one aspect of the invention, piezoelectric material not involved in 
5 signal transmission (i.e., at least a portion of the piezoelectric material that is not 
between the electrodes) is removed from the device. In another aspect, growth of 
piezoelectric material is limited to certain regions during fabrication of the device. 

In a further aspect, the crystal orientation of the piezoelectric material is 
disrupted or altered during device fabrication, so as to form regions where the 

10 crystalline orientation is highly ordered (e.g., regions where the crystalline 
structure exhibits excellent piezoelectric characteristics), and regions where the 
crystalline orientation is less than highly ordered (i.e., the crystalline structure 
results in regions having piezoelectric characteristics which are poor as compared 
to those highly ordered regions. For example, the starting conditions of growth 

15 can cause a randomization of the preferred direction of the neighboring crystal 
grains' piezoelectricity, such that there is a net zero-sum of the piezoelectric effect. 

Fig. 2 illustrates the method of isolating an acoustic resonator device in 
accordance with a first embodiment of the present application. Though there can be 
a myriad of thin film process steps involved in the batch fabrication of a TFR 

20 acoustic resonator device as there is in fabricating any modern integrated circuit, the 
vast majority of these processes involve repeated applications of three primary 
operations: deposition, lithography, and etching. 

Referring to Fig. 2, initially a base support structure such as a substrate is 
provided (Step SI). In this case, the base structure is not integral to device 

25 operation; it primarily provides mechanical support. The base structure, 
hereinafter "substrate" may be a silicon wafer substrate, and preferably may 
include a plurality of alternating acoustic reflecting layers of acoustically 
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mismatched materials such as SiOj and AIN which are mounted on a solid substrate 
such as a silicon, quartz, or glass wafer. Further, the substrate may be a 
membrane which is fabricated by removal of the material beneath it. After 
providing the substrate, a thin metal film layer (approximately 100 nanometers or 
5 lOOXlO-^meters thick) is deposited on the substrate surface (Step S2). The metal 
film acts as a bottom surface electrode for the acoustic resonator device and is 
preferably composed of Al, but other conductors may be used as well. This 
deposition may preferably be performed in a vacuum chamber using one of a 
variety of thin-film deposition techniques which are known in the art, such as RF 

o 

i,g 10 sputtering of an insulating target, pulsed DC reactive sputtering of a metallic 

% target, chemical vapor deposition (CVD), molecular beam epitaxy (MBE), etc. 

'""■4 Once the metal film has been deposited, it undergoes a patterning process (Step 

. 5 S3). A lithographic process is employed in which a thin layer of a photo-sensitive, 

chemically-resistant polymer, or "photo resist", is applied to completely coat the 
P 1 5 metal film. Exposure to light through a "photo mask", a material or masking layer 

i5 that has holes or openings at certain locations for light to pass, sensitizes the photo 

=;H resist such that subsequent immersion in a developer removes only that resist 

Q material that was subject to the light. At this point, the sample surface consists of 

regions where the protective resist layer remains, and regions of un-protected metal. 
20 The patteming process continues with the transfer of this lithographically-defined 
pattern into the metal layer via an etching process. A number of etching techniques 
are routinely practiced in the art, including wet chemical etching, reactive ion 
etching (RIB), and sputter etching. Such processes, through either chemical or 
physical action, remove any metal which is unprotected by the photo resist, while 
25 leaving the resist-coated metal intact, thereby "sculpting" the metallic surface into 
the desired electrode pattern. An electrode defined by such a process is illustrated in 
Fig. 3. Resist 216 has protected metal layer 215 during the removal of all 
unprotected material on substrate 220. When the remaining photo resist material 216* 
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is removed by a solvent, a metallic layer 215 defined by the desired pattern remains. 

The semi-completed device is then returned to the vacuum chamber for the 
deposition of an active piezoelectric material film (Step S4). Similar to the metal 
deposition alternatives listed above, the piezoelectric layer can be deposited in 
5 different ways, such as through RF sputtering of an insulating target, pulsed DC 
reactive sputtering of a metallic target, chemical vapor deposition (CVD) and 
molecular beam epitaxy (MBE) for example. This piezoelectric material is 
preferably Aluminum Nitride (AIN), but may be composed of ZnO or CdS for 
example. Similar to the metal film, the AIN film is deposited entirely over the 

10 substrate, but unlike the metal film it is not patterned, and is subsequently coated 
with a second thin metal film layer of Al which forms the top electrode of the device 
(Step S5). This second metal film is patterned and etched with the lithographic 
process described above (Step S6). Once the photo resist is removed, the structure of 
the acoustic resonator device is almost complete. Although at this point the device 

15 ftinctions as a TFR, there are further advantages to performing the steps described 
below. 

Fig. 4 illustrates an acoustic resonator device prior to undergoing isolation in 
accordance with the first embodiment of the present application. Referring to Fig. 
4, there is an acoustic resonator device 200 comprising a substrate 220, and a 

20 piezoelectric layer 210 sandwiched by top and bottom metal electrodes 205 and 
215. Since layer 210 is continuous (i.e., un-patterned), there is no direct electrical 
connection to the base metal (bottom electrode 215), and the acoustic resonator 
device 200 is actually two "cavities" or resonators formed in series. Further, the 
piezoelectric material within layer 210 is oriented so that an applied electric field 

25 will excite bulk acoustic waves, i.e., primarily longitudinal waves which travel 
perpendicular to the surface of the substrate 220. This mode of propagation 
differentiates these acoustic resonator devices of Fig. 4 from Surface Acoustic 
Wave (SAW) devices, where the material and design properties encourage acoustic 



7 LUCENT: 1 19186/Baiber 13-5-4 

Atty.Docket: 2925-0401P 



wave propagation parallel to and along the surface of the substrate. 

As discussed above, when an (electromagnetic) RF signal is applied between 
the electrodes 205 and 215, the piezoelectric layer 210 sandwiched therebetween 
responds by oscillating as an acoustic wave in the bulk of the material, 
perpendicular to the substrate 220. This action is analogous to an electrically- 
activated spring which when excited by an AC signal responds by cycling through 
vertical compressions and expansions in accordance with the changing electrical 
signal. In this way, the electrical signal is converted to a mechanical motion 
orthogonal to the surface of the substrate 220. Nevertheless, this motion is not 
completely confined to the axis normal to the substrate because of effects like: 
non-ideal crystal orientation, fringing fields, film roughness, and mechanical 
boundaries of the resonator. Thus, even in the acoustic resonator device illustrated 
in Fig. 4, lateral wave motion will be excited which carries energy away that 
dissipates in a non-recoverable fashion or interferes with neighboring devices on 
the same substrate. However, the following step can enhance acoustic resonator 
device performance by limiting the ability of lateral waves to carry away energy. 

tferring again to Fig. 2, after device fabrication (completion of Step S6), the 
piezoelectric layer 210 is subjected to a selective etching process, i.e., a "trenching" 
processVstep S7). One such trenching process is described in co-pending U.S. 
Patent Abplication Serial No. 09/XXX,XXX, entitled "Selective Etching of Thin 
Films", which is commonly assigned and concurrently filed with the present 
application. Specifically, any piezoelectric material not involved in signal 
transmission (not between the electrodes 205 and 215) is removed by chemical 
etching, T&is etching can be accomplished by wet etching, ion beam milling, or 
preferably in a reactive ion etch (RIE) chamber employing chlorine chemistry and 
plasma bomttardment to remove material. Again photo-definable resist is used to 
preserve the Iregions between electrodes 205 and 215 that should not be etched. 
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Thus, propagation of lateral acoustic modes is limited to t|ie un-etched regions of the 
device, inhibiting cross-device interference and energy los 

Fig. 5 illustrates the acoustic resonator device after isolation in accordance with 
the first embodiment. Referring to Fig. 5, it can be seen that after trenching, the 
5 edges of the electrodes 205, 215 and piezoelectric layer 210 are matched with one 
another to form a well-defined boundary on substrate 220. All piezoelectric material 
which is not in the active regions between electrodes 205 and 215 has been removed. 
The acoustic oscillation is now better confined to the resonator regions, and the 
medium that previously supported lateral wave motion between the two resonator 

10 cavities has been eliminated. 

It should be realized that complete removal of the material may not be necessary 
to achieve the desired improvement in isolation. Alternatively, only a portion of the 
piezoelectric material not within the active region between the electrodes may be 
removed. Also, in some cases a designer may need to have planar surfaces for 

15 interconnect, or may desire to protect lower layers of the device (i.e., metal film, 
substrate) exposed during etch. To accomplish this, "back-filling" is performed in a 
void created by the removal of piezoelectric material. This void is then back filled 
with a material different from the removed piezoelectric material. Further, if 
additional isolation is required, the etching of material can be continued beyond the 

20 piezoelectric layer into the substrate in certain regions. However, care must be taken 
to preserve electrical interconnects. 

Figs. 6 A and 6B illustrates one type of acoustic resonator device before and 
after the trenching process. Referring to Fig. 6A, there is illustrated a T-Cell of a 
thin film resonator (TFR) device 300. It could for example be constructed to 

25 function as an RF bandpass filter for wireless communication. This is a similar 
device to that illustrated in Fig. 4, but adds a shunt resonator cavity (defined by the 
area encompassing electrodes 325 and 305 sandwiching piezoelectric layer 310 
therebetween) in parallel to the series resonator cavities (defined by the area 
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between electrodes 330 and 305 and between electrodes 335 and 305). Similar to 
Fig. 4, the un-patterned/un-etched portions of piezoelectric layer 310 which are not 
a part of the resonator cavities support the propagation of lateral waves 
therethough. However, as illustrated in Fig. 6B, after trenching the TFR device 
5 300 exhibits well-defined boundaries, confining the acoustic energy to the three 
resonator regions. Therefore, performing the trenching process after device 
fabrication in accordance with the preferred embodiment provides an isolation 
method which limits the degradation of acoustic resonator device performance due 
to lateral loss of acoustic energy and/or disruption caused by acoustic inference 
.JS 10 between neighboring device. 

==F Fig. 7 illustrates a method for isolating an acoustic resonator device in 

^=cj accordance with a second embodiment of the present invention. Steps S11-S13 are 

identical to steps SI -S3 outlined in Fig. 2. However, instead of isolating the acoustic 
W resonator device after fabrication by removing piezoelectric material which is not 

□ 15 between electrodes 205 and 215, the growth of the piezoelectric material is limited 

during device fabrication in Step SI 4. Specifically, and prior to deposition of the 

::5 piezoelectric material, a masking layer is formed, similar to that previously described 

O 

■•i above in regards to the first embodiment. This masking layer can be a mechanical 

shadow mask such as employed when one spray paints through a stencil. Using a 

20 more conventional lithographic thin-film methodology, one would use a photo resist 
underneath the film to be pattemed this time. As is well knovm, this resist can be 
removed after subsequent film deposition and it will "lift-off any film on its surface 
leaving only the material that was deposited away from resist covered surfaces. 
Particularly, the masking layer is formed to delineate "open" regions (where the 

25 piezoelectric material will be deposited within the vacuum chamber on the 
substrate's surface) and "masked" regions (where the piezoelectric material will be 
deposited within the vacuum chamber on the mask's surface). Subsequent removal 
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of the mask, and thus the material overlying it, leaves behind individual islands, or 
"pedestals" of active piezoelectric material. 

Following piezoelectric deposition within the vacuum chamber and subsequent 
removal of the mask by solvents, the second metal film is deposited and patterned 
5 (Steps S15 and SI 6) to obtain an acoustic resonator device which looks 
substantially identical to that shown in Figs. 5 and 6B. Accordingly, and 
somewhat similar to the first embodiment, the acoustical energy is better confined 
to the resonator regions, and any medium which would support lateral wave motion 
between the resonator cavities has been eliminated in advance. 
^5 10 Fig. 8 illustrates a method for isolating an acoustic resonator device in 

=F accordance with a third embodiment of the present invention. Unlike the first two 

Sj embodiments, where there is no piezoelectric material surrounding the discrete 

■ S resonator structures (it has either been removed by etching or was not deposited there 

ly due to masking), the third embodiment provides a method which alters the 

Q 15 piezoelectric effect in these regions. This technique involves locally affecting the 

crystalline orientation of a to be deposited piezoelectric layer, which can be done by 
patterning the substrate surface, for example. 

The intensity of the piezoelectric effect is quantified in terms of the material's 
"coupling constant" or K^, which represents the fraction of electrical energy that is 
20 converted to acoustic energy by the piezoelectric action. It is known in the art that 
the value of declines rapidly with a decline in average crystalline orientation. 
Generally, a strong longitudinal piezoelectric response will be obtained only if a 
significant fi:-action of a piezoelectric crystals' "C" axes (i.e., for AlN's hexagonal 
crystal having A, B and C axes) grow perpendicular to the substrate's surface. If, 
25 during film growth, an insufficient fraction of crystals achieve this orientation, the 
piezoelectric material, although chemically identical to the well-oriented material, 
will cease to exhibit a piezoelectric response. The mis-oriented crystal grains 
produce strains in random directions and there is a zero sum to the piezoelectricity. 
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The piezoelectric effect, and therefore the performance of the TFR, is thus 
strongly affected by the orientation of the piezoelectric crystals. The crystalline 
orientation, in turn, is highly sensitive to the surface upon which the material is 
grown. The third embodiment leverages this sensitivity to substrate surface structure 
5 by pre-patteming the substrate into regions where the material will grow with well- 
oriented crystalline structure and those where it will grow with poor orientation. In 
this embodiment, the crystal structure is "disrupted" in regions outside the discrete 
resonator structures, rendering those regions incapable of transducing waves, 
mechanically different than the oriented material such that an acoustic reflection will 

10 occur, and if disrupted or altered enough (such that for example crystal morphology 
is strongly affected) of even transmitting an acoustic wave. 

Referring to Fig. 8, after obtaining the substrate (Step S21), a first metal film is 
deposited (Step S22) and patterned (Step S23) as discussed previously with respect 
to the first and second_embodiments. Thereafter, the substrate is patterned so as to 

15 locally alter the substrate surface (Step S24). Specifically, the substrate is subjected 
to a lithographic process utilizing a masking material, similar to that described above 
to pattern the metal films and/or piezoelectric material. This pattern, however, is 
used to define regions on the substrate which will be selectively altered to discourage 
oriented piezoelectric material growth. Such alterations may involve roughening of 

20 the substrate surface (by argon ion bombardment or wet chemical etching, for 
example), or the deposition of a thin film (sputtered or chemical vapor deposited 
(CVD) Si02, for example) which is a material known not to support oriented 
piezoelectric growth. Following this surface preparation, the masking material 
(photo resist) is removed by a solvent. 

25 During the subsequent deposition of piezoelectric film in Step S24, that 
piezoelectric material deposited on an un-altered surface or "pristine region" will 
form well-oriented crystals exhibiting a significant piezoelectric effect. However, 
material deposited on the "treated" regions of the substrate will form poorly- 
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oriented material. This poorly-oriented material has the same chemical components 
of the well-oriented material, but lacks the crystal structure required to exhibit a 
useful piezoelectric effect. Further, as compared to the well-oriented material, it has 
different mechanical properties such as sound speed, and can have significantly 
different morphology (i.e., a less dense and/or more grainy structure). Thereafter, 
the second metal film is deposited and patterned (Steps S26 and S27) to define 
acoustic resonator devices in the well-oriented, piezoelectrically-active regions. 

Referring to Fig 4, by using the method in accordance with the third 
embodunent, the piezoelectric material of layer 210 between the metal electrodes 
205 and 215 and on the substrate 220 is well-oriented, so as to support the 
piezoelectric response which is characteristic of the acoustic resonator device 200. 
However, due to the pre-treatment of the substrate surface, the piezoelectric 
material of layer 210 which is not sandwiched between electrodes 205 and 215 
lacks the crystal structure required to exhibit a useful piezoelectric effect. This 
material thus provides in-situ acoustic isolation, limiting the creation of and 
propagation of undesired lateral waves between resonator cavities. 

The invention being thus described, it will be obvious that the same may be 
varied in many ways. Such variations are not to be regarded as a departure from 
the spirit and scope of the invention, and also to modifications as would be obvious 
to one skilled in the art or intended to be included within the scope of the following 
claims. 



